Descriptions of patients with the Wolff-Parkinson-White (WPW) syndrome and reciprocating tachycardia in whom the initiation of the arrhythmia depended neither on the occurrence ofpremature beats nor on antecedent cycle-length shortening are given. In 5 the occurrence of escape beats in the bundle of His, usually in the presence of sinoatrial disease, activated the tachycardia circuit, but in the other 2 there were unusual mechanisms related to bradycardia-dependent block in the anomalous pathway, and delayed response to shortening of the atrial cycle length, respectively. Careful assessment of such mechanisms is essential for the correct choice of antiarrhythmic prophylactic therapy.
Descriptions of patients with the Wolff-Parkinson-White (WPW) syndrome and reciprocating tachycardia in whom the initiation of the arrhythmia depended neither on the occurrence ofpremature beats nor on antecedent cycle-length shortening are given. In 5 the occurrence of escape beats in the bundle of His, usually in the presence of sinoatrial disease, activated the tachycardia circuit, but in the other 2 there were unusual mechanisms related to bradycardia-dependent block in the anomalous pathway, and delayed response to shortening of the atrial cycle length, respectively. Careful assessment of such mechanisms is essential for the correct choice of antiarrhythmic prophylactic therapy.
In a previous article we have described a group of patients with the WPW syndrome in whom the induction of incessant reciprocating tachycardia depended not on extrasystoles but on critical shortening of the sinus cycle length, without antecedent PR lengthening (Krikler et al., 1976a) .
However, not all incessant tachycardias can be explained either on this basis or because of premature beats; we have recognized 2 slightly different additional mechanisms and report 7 cases that illustrate these aspects. The methods of study have already been outlined (Krikler et al., 1976a ).
Case reports Case 1 A 35-year-old woman had suffered from progressively more frequent attacks of tachycardia (2 to 10 a month) for 5 years. The surface electrocardiogram showed the WPW syndrome type B (Fig. 1) . Electrophysiological study, however, indicated that Received 25 February 1976. 'That part of this work carried out at the Royal Postgraduate Medical School was supported by a grant from the British Heart Foundation. the accessory pathway was probably not rightsided, as endocardial mapping showed that the earliest ventricular depolarization occurred in the interventricular septum; furthermore, the induction of functional right bundle-branch block during tachycardia did not slow its rate, as it should have done had a right-sided bypass been implicated in the circuit (Slama, Coumel, and Bouvrain, 1973; Coumel and Attuel, 1974; Spurrell, Krikler, and Sowton, 1974a) . Pre-excitation was suppressed by ajmaline ( Fig. 1, lower panel) ; though two ventricular stimuli were induced in order to stop the tachycardia, the first (beat 2) would probably have sufficed as it was not followed by a retrograde P'. There was no prolongation of the PR interval in beat 10, when the tachycardia was initiated.
The onset of all bouts of tachycardia was exactly like that seen in Fig. 1 , initiation being by beats identical to beat 10. As can be seen in the lower panel of Fig. 1 , the first RR interval (11 to 12) is slightly longer than succeeding ones, which is against the presence of an initial common pathway. The only satisfactory explanation for the occurrence of tachycardia after beat 10 is the prolongation of the PP interval from 580 ms (beats 8 to 9) to 898 Cownel, Attuel, Slama, Curry, 600 ms (beats 9 to 10). It is assumed that concealed anterograde conduction was present within the accessory pathway in beats 4 to 9, which prevented re-entry from occurring, and that this concealed conduction had been dissipated by beat 10 because of the lengthening PP interval, a phenomenon thus most probably related to paradoxical, bradycardiainduced, block in the accessory pathway. The phenomenon persisted for 10 minutes, as long as the ajmaline continued to be active, with spontaneous resumption of tachycardia in the identical fashion.
The tachycardia has subsequently been effectively prevented with oral amiodarone .
Case 2 A 45-year-old man presented with frequent attacks of tachycardia, occurring especially at rest; his electrocardiogram showed the WPW syndrome type B.
Electrophysiological study showed the initiation of reciprocating tachycardia following the introduction of atrial pacing at a constant slow rate (Fig. 2 ).
Both in His bundle escape beats and in tachycardia, the retrograde conduction time up the anomalous pathway was 130 ms (beats 1, 2, 6, 7, 8, and 9). The stimulus-H (Ps-H) interval is prolonged to 220 ms in beats 4 and 5, and there is no further prolongation in beat 6 where tachycardia is initiated because of the development of anterograde block in the accessory pathway. No drugs were given during the study; the refractory period of the bypass was spontaneously long.
Case 3 A 43-year-old man with infrequent attacks of paroxysmal tachycardia was found to have the WPW syndrome type A complicated by left bundlebranch block (Krikler et al., 1976b) . It was possible to initiate tachycardia by regular right atrial pacing (Fig. 3) ; the stage had obviously been set for reentry at beat 3 but this was prevented by the continued pacing for another two beats. Spontaneous initiation of the tachycardia is shown in the upper panel of Fig. 4 ; the His bundle escape beat that followed termination of the tachycardia immediately re-established a reciprocating mechanism, as it occurred within the circuit itself. In the lower panel (Fig. 4 ) tachycardia started immediately after atrial stimulation had been discontinued, the His bundle escape beat after the ninth atrial stimulus immediately establishing tachycardia. Atrial driving had prevented the start of tachycardia, probably because it produced concealed anterograde conduction into the accessory pathway, thus rendering it unavailable for retrograde conduction. The His escape 2750 ms after the termination of tachycardia (Fig. 4) suggests concomitant sinoatrial disease (Mandel et al., 1971) .
Case 4
A 75-year-old woman presented with alternating bradycardia and tachycardia, without overt preexcitation before the study. Spontaneous intermittent pre-excitation occurred during the investigation (Fig. 5 In this patient pre-excitation was always latent, except briefly during this study, being represented only in the limb leads, so the praecordial pattern is not known. Because the stimulus was applied high in the right atrium, the Ps-R and Ps-delta intervals are longer than during low right atrial stimulation (middle panel).
Case 5 A 60-year-old woman with a history of alternating attacks of tachycardia and bradycardia had been considered to have reciprocating AV nodal tachycardia. The first run of tachycardia (Fig. 6) showed alternating cycle lengths. Apparent sinus bradycardia may in reality reflect 2:1 sinoatrial block; so the apparently premature His bundle beat, which would have been early in relation to sinus bradycardia, could reflect a genuine escape beat in relation to sinoatrial block. One might be tempted to diagnose reciprocating AV nodal tachycardia, but the alternating cycle lengths suggested an extranodal bypass (Spurrell, Krikler, and Sowton, 1974b; Curry and Krikler, 1976) , and the fact that the tachycardia was slower in the presence of left bundle-branch block than during its absence (171 as opposed to 182 beats a minute) pointed to the presence of an otherwise concealed left-sided anomalous pathway (Slama et al., 1973; Spurrell et al., 1974a) .
Case 6 A 68-year-old woman had suffered from progressively more troublesome tachycardia for 25 years, and was found to have the WPW syndrome type A (Fig. 7) complicated by left bundle-branch block (Krikler et al., 1976b) and sinoatrial disease; in tachycardia the QRS complexes show an LBBB pattem (Fig. 8) . She showed initiation of tachycardia by two mechanisms; (a) with progressively faster right atrial pacing (Fig. 7) ; and (b) following His bundle escapes, provided that their retrograde conduction up the anaomalous pathway was not blocked by sinus impulses (Fig. 8) , analogous to the situation seen in Case 4 (Fig. 5) . Continued atrial stimulation prevented further attacks during the study by suppressing the occurrence of escape beats. Middle panel: thefirst four stimuli were applied low in the right atrium and the QRS complexes show alternating pre-excitation; the fifth stimulus produces a fusion beat caused by activation of atrium and His bundle and probably the uppermost part of the interventricular septum. The sixth stimulus was applied to the interventricular septum, and the seventh to the bundle of His, with a Ps-R interval of 50 ms; this resulted in the initiation of the tachycardia (the eighth, ninth, and tenth stimuli were ineffective). Only the seventh stimulus triggered tachycardia because it was the only one in which the His bundle alone was stimulated, without any atrial or ventricular activation. Bottom panel shows stimultaneous recordings of leads III and HBE: the first complex is a spontaneous sinus beat and the second a His bundle escape beat. Note that in each case the HR interval is 50 ms.
mediately after conversion to sinus rhythm by verapamil . Electrophysiological study confirmed the presence of type A pre-excitation (Fig. 9A) ; the bypass refractory period in the anterograde direction was 230ms.
In Fig. 9B In the upper panel, tachycardia is present at the start of the tracing, with alternating cycle lengths; after spontaneous cessation, sinus bradycardia is noted for five beats, followed by a premature His bundle beat that restarted the tachycardia. The first six beats of tachycardia showed left bundle-branch block, with a heart rate of 171 beats a minute; this was followed by normalized conduction at a rate of 182 beats a minute. Rosen, 1973) , but the precise importance of this phenomenon needs to be reassessed. It need not be present (Case 1), as we have also shown in the preceding paper (Krikler et al., 1976a) . Even if PR prolongation is present, as in Cases 2, 3, and 6, tachycardia started without additional prolongation, the accessory pathway being blocked in Case 2; the onset was seen in Cases 3 and 6 when atrial stimulation was interrupted. In addition, these latter two cases show that PR lengthening is by no means essential, since the tachycardia could be initiated by His bundle escape beats, without prolongation of the conduction time.
Escape beats within the re-entry circuit constitute an important mechanism for the initiation of attacks (Cases 3, 5, and 7), but this still conforms with the requirements for re-entry mentioned above. Thus, in Case 2 the escape beats failed to provoke tachycardia in the presence of concealed retrograde conduction into the normal pathways; similarly, as in Cases 4 and 6, concealed anterograde conduction of the P waves also prevented the onset of tachycardia. On the other hand, lack of atrial activation, as indicated by the absence of a P wave, could enable an incessant tachycardia to start (Case 7). We have been able to show the presence of the WPW syndrome in these cases, but this does not mean that this phenomenon cannot occur in nodal re-entry; it does however appear to us much less likely because under those circumstances the escape occurs outside the circuit.
Thus, while in patients with reciprocating tachycardias associated with pre-excitation, attacks are usually initiated by extrasystoles (Durrer et al., 1967) or sometimes by shortening of the sinus cycle length (Krikler et al., 1976a) , a different group of mechanisms can be shown to be of importance. That nodal-His bundle escape beats, originating as they do within the substrate for the circuit, are able to induce tachycardias with ease is evident in 5 of our patients, often in the context of sinoatrial disease, itself an important mechanism for the occurrence of paroxysmal tachycardia. This has indeed been recognized in the Wolff-ParkinsonWhite syndrome complicated by atrial fibrillation (Dreifus, Kimbiris, and Wellens, 1973) and reciprocating AV tachycardia (Harper et al., 1974 by the junctional escape beats (Krikler et al., 1976b) . That more than one mechanism may apply in a patient is well shown by the same case, who had tachycardia initiated both by progressive atrial pacing and by the junctional escape beats. While these atypical types of tachycardia are unusual, they are by no means rare, and may apply particularly to older subjects in whom the junctional escape beats, perhaps originating in the bundle of His, occur more frequently as a consequence of disease affecting proximal physiological pacemaking cells, e.g. sinoatrial disease. Successful therapy, both for the attacks themselves and for their prophylaxis, thus requires careful understanding of these mechanisms, the nature of which should be defined in all patients who present with apparently atypical onset of tachycardia. It is important to remember that depressant antiarrhythmic drugs may paradoxically induce incessant tachycardias in this way; elucidation of apparent paradoxical response of this sort may be of practical importance as well as indicating the reason for the apparent failure of treatment. Finally, it is in cases like this that longterm pacing may be particularly helpful in the prevention of attacks, an aspect that we are currently exploring. 
